Objectives. To evaluate combined individual-and community-level interventions to reduce underage drinking by American Indian/Alaska Native (AI/AN) youths on rural California Indian reservations.
U nderage drinking is a public health concern for US youths, including American Indians and Alaska Natives (AI/ANs), 1, 2 and has acute and long-term consequences. [3] [4] [5] Early initiation of alcohol use and heavy drinking increase risks for lifetime alcohol use disorders, 6, 7 especially among AI/ANs who have reported younger onsets than other groups. 8, 9 Because adolescents from rural areas may be at increased risk for underage drinking, 10 AI/AN adolescents on rural Indian reservations may be at greater risk than are other adolescents. 2, [11] [12] [13] [14] However, reviews of interventions among AI/AN adolescents have found few studies with sufficient research rigor to establish program acceptability or effectiveness in Tribal communities. 15 Interventions to prevent underage drinking tend to be either: (1) community-level approaches to reduce alcohol availability or (2) individual-level approaches to discourage alcohol use via clinical or educational efforts with children or parents. Combining these approaches is rare, 16, 17 especially for AI/AN youths. 18 However, multilevel interventions have the potential to work synergistically to reduce both supply of and demand for alcohol.
The present study reports on a long-term collaborative effort (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) between clinicians, prevention scientists, and Tribal leaders to prevent underage drinking in 9 contiguous rural California Indian reservations. We initiated the project at the request of leaders of these sovereign Tribal nations. We developed the partnerships and interventions during a capacity-building and pilot phase. During the intervention phase (2008) (2009) (2010) (2011) , the project staff implemented both communityand individual-level prevention strategies. Following the intervention phase, program staff continued to hold outreach events at community gatherings and Tribal after school programs.
The individual-level strategy consisted of a randomized trial of brief motivational interviewing (MI) compared with psychoeducation (PE) for reducing and preventing underage drinking. MI has been found to be effective for youths, 19, 20 including AI/ANs, 21 is acceptable to California Indians, 22 and is culturally adaptable for use with AI youths. 23, 24 The community-level strategies targeted the sale of alcohol to minors, together with outreach efforts to raise awareness of alcohol problems and mobilize support for project goals. Previous prevention studies have shown significant reductions in drinking and drinking problems as a result of modifying the alcohol environment. [25] [26] [27] Despite some evidence that modifying the alcohol environment can have beneficial effects for AI/ANs, 28, 29 effects of environmental prevention programs for Tribal populations have been rarely tested. We hypothesized that combined individual-and community-level interventions to reduce alcohol consumption by Tribal youths in reservation settings would be associated with lower prevalence and frequency of alcohol consumption than among Tribal youths in reservations outside the intervention catchment area. Because the Tribal communities did not wish to implement a randomized control study, we assessed the overall impacts of the combined interventions by analyzing alcohol use data from the California Healthy Kids Survey (CHKS), which was collected anonymously in the school districts serving the 9 participating reservations and the 9 comparison reservations.
ABOUT THE AUTHORS

METHODS
Our project combined the clinical, research, and environmental prevention expertise of the scientific partners together with the medical and cultural expertise of AI/AN clinicians serving the 9 consortium Tribes within half an hour drive of the primary and satellite branches of the Southern California Tribal Health Clinic (a pseudonym used to protect confidentiality). Local Tribal members provided the medical and administrative leadership of the clinic. In addition, we convened advisory panels of local Indian leaders to ensure the efforts complied with their wishes. The project provided ongoing training opportunities for AI/ AN college interns involved in data collection, analysis, implementation, and dissemination. 30 
Individual-Level Strategy
Eligible youths were randomized to receive MI or PE. MI assesses the readiness of an individual to change and then implements a directive psychotherapeutic treatment tailored to that stage of change, using a collaborative and nonconfrontational approach 31 that encourages clients to adopt changes in unhealthy behaviors, in this case, drinking alcohol. 32 Clinic therapists underwent intensive training in MI techniques and used a culturally tailored MI manual previously tested with diverse AI/ANs for the MI condition. 33 The PE condition consisted of watching 2 DVDs on the consequences of drinking and dangers of binge drinking, assisted by the therapist. Both conditions lasted 1.5 hours. MI and PE were delivered in individual and group formats.
Community-Level Strategy
The environmental strategies focused on decreasing underage access to alcohol and reinforcing community norms against providing alcohol to youths. Within the study area, 7 of the 9 Tribes allowed alcohol sales and consumption, and off-premise outlets operated on or near most of the reservations. 34 Based on input from our project advisory board, we implemented a recognition and reminder program to reduce sales to minors. In recognition and reminder programs, apparent minors (i.e., volunteers who were aged ‡ 21 years, but judged to look younger) visited stores and attempted to purchase alcoholic beverages. Project staff reinforced clerks who asked for age identification or reminded clerks who did not request identification of underage sales laws. Recognition and reminder programs have been found to reduce alcohol and tobacco sales to minors. [35] [36] [37] We first sought Tribal council proclamations supporting underage drinking prevention, including recognition and reminder efforts. Next, apparent minors attempted to purchase alcohol without identification in all licensed off-premise outlets on or within 10 miles of the reservations (n = 13). Clerks who asked for identification were given gift cards and congratulatory letters. Clerks who did not were given reminder letters about the law regarding sales to minors. Following a single baseline attempt at each store with no feedback provided to clerks, staff and volunteers made 3 recognition and reminder visits with a different volunteer each time (1 store opened following the baseline observations, thus there were 51 total attempts). Increases in identification checking were observed following implementation of this program. 34 
Community Mobilization
We implemented an outreach program to raise community awareness about the risks of underage substance use and to mobilize support for the interventions. Project staff developed informational materials on underage alcohol use for distribution to youths, parents, Tribal leaders, and health clinic professionals. Outreach staff from local communities presented these materials and discussed alcohol-related risks and alcoholfree strategies with youths and parents at health fairs, pow-wows, and cultural gatherings (98 events). Staff also gave age-appropriate presentations at the after school programs of each Tribe, a reservation charter school, Tribal councils, and other meetings (101 presentations to youths and 72 to parents and Tribal leaders), and gave 27 presentations and trainings to the medical, dental, and community health departments at the clinic. When wildfires destroyed a billboard located on a road linking participating Tribal communities, staff engaged Tribal youths to design a new billboard with culturally specific messaging related to the project goals. Overall, staff conducted 298 community awareness activities or presentations.
These activities supported staff requests for community participation, including Tribal council proclamations and recruitment to the MI-PE study. Because community awareness and mobilization activities engaged project staff directly with community members at both leadership and grassroots levels, this component ensured that project activities were responsive to community knowledge, interests, and concerns, including tailoring program activities to local and culturally specific conditions.
Overall Program
To evaluate the overall program, we analyzed data from the 2002 to 2003 through 2014 to 2015 CHKS. CHKS consists of successive cross-sectional, self-administered anonymous surveys that are administered biennially in schools with funding from the California Department of Education. The CHKS assesses substance use and asks about demographic characteristics, including race and ethnicity. The survey is administered to 7th, 9th, and 11th graders. Because drinking rates were low among 7th graders, our analyses for this study focused on 9th and 11th graders. For participating school districts, 100% of eligible schools and 100% of classrooms in those schools are required to participate. WestEd, a nonprofit research organization, coordinates the CHKS data collection and works with schools to achieve response rates of 70% or greater. 38 The high schools attended by AI/AN students from the participating reservations are located off Tribal lands, but within a half-hour drive of the reservations and participate in the CHKS survey.
Participants were asked their age (£ 10, 11, 12, 13, 14, 15, 16, 17, or ‡ 18 years) and their race (AI/AN, Asian, Black or African American, Native Hawaiian or Pacific Islander, White, or mixed races). We coded responses as AI/ANs if participants endorsed AI/ANs, otherwise they were coded as non-AI/ANs.
Alcohol consumption was measured by (1) lifetime frequency of drinking, (2) frequency of drinking in the past month, and (3) frequency of heavy drinking in the past month. These measures closely correspond to the National Institute for Alcohol Abuse and Alcoholism recommended survey items.
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Lifetime consumption was measured by asking respondents how many times during their life they had a full drink of alcohol. Response categories changed over time, and this question was dichotomized as any lifetime drinking. Drinking in the previous month was measured by asking on how many days during the past 30 days respondents had at least 1 whole drink of alcohol. Heavy drinking was measured by asking on how many days during the past 30 days respondents had 5 or more drinks of alcohol within a couple of hours (0, 1, 2, 3-9, 10-19, and 20-30 days). To convert response categories into a meaningful metric, they were recoded into number of drinking days (0, 1, 2, 6, 14.5, and 25 days). For 30-day use and heavy drinking, we considered both prevalence (yes, no) and frequency of use in the analyses.
Our analyses compared 3 groups: (1) AI/ AN students from the schools surrounding the reservations participating in the interventions (INT-AI/AN), most of whom would have been exposed to the intervention (n = 617); (2) non-AI/AN students from these same schools (COMP-NAI/AN), most of whom would not have been exposed to the intervention (n = 33 469); and (3) AI/AN students (n = 976) from schools serving Tribes that were kin to the Tribes in our project, but did not participate in the intervention study (COMP-AI/AN). Mountains form natural barriers between the comparison and intervention reservations; thus few, if any, of the COMP-AI/AN students would have been exposed to the interventions. We included the COMP-NAI/AN group as a control group for prevention programing or other unmeasured school-level factors (e.g., drinking norms) that might have influenced the INT-AI/AN students at the same schools. Few of the non-AI/AN control group were exposed to the environmental interventions because most did not live on the reservation lands. The recognition and reminder program targeted convenience stores near the intervention reservations, which most of the non-AI/AN comparison students would not patronize.
Statistical Analyses
Our primary analyses consisted of multilevel hierarchical regressions using Stata version 15 (StataCorp, College Station, TX). We used logistic regression for dichotomous outcomes (prevalence of drinking) and Poisson regression for count outcomes (e.g., number of drinking days). Zero-inflated negative binomial regression was used for outcomes (e.g., number of heavy drinking days) when excessive zeros were observed. 
Motivational Interviewing vs Psychoeducation
The results of the MI intervention versus PE intervention were assessed for quantity · frequency, maximum drinks per drinking occasion, and problem behaviors using a repeated measures general linear model analysis with the following main independent variables: gender, MI versus PE, and time. Results were analyzed separately for participants who were drinking and not drinking at baseline and for the entire sample. 40 
RESULTS
In this study we sought to evaluate combined individual-and community-level interventions to reduce underage drinking by AI/AN youths on rural California Indian reservations. We compared their CHKS responses with those of non-AI/AN students from their region, as well as with rural AI/AN students outside the intervention area.
Overall Program
The annual samples for the INT-AI/AN group ranged from 68 to 104; for the COMP-AI/AN group, the annual samples ranged from 82 to 195. The COMP-NAI/AN group samples were much larger, ranging between 3984 and 5547 annually. The groups were similar in age, averaging 15.3, 15.0, and 15.4 years, respectively. The COMP-NAI/AN had more females (51.7%) than did the INT-AI/AN group (41.7%; z = 4.93; P < .001) or the COMP-AI/AN group (41.7%; z = 6.16; P < .001).
Lifetime prevalence of alcohol use pre-and postintervention was 60.4% and 48.6% for the INT-AI/AN group, 55.9% and 46.3% for the COMP-AI/AN group, and 53.0% and 39.6% for the COMP-NAI/AN group, respectively (Table 1) . Changes in prevalence of lifetime drinking in the INT-AI/AN group did not differ significantly from those in the comparison groups.
Prevalence of 30-day drinking among lifetime drinkers in the INT-AI/AN group was 58.2% and 57.1% pre-and postintervention, respectively. For the COMP-AI/AN group, the rates were 61.6% and 46.9%, and for the COMP-NAI/AN group, the rates were 58.1% and 48.9%, respectively. Changes in 30-day prevalence did not differ significantly between the INT-AI/AN group and the comparison groups. Pre-to postintervention frequency of heavy drinking decreased significantly in the INT-AI/AN group relative to the COMP-AI/AN group ( Table 2 ). The decrease relative to the COMP-NAI/AN group was suggestive, but not statistically significant (P = .065). Figure 2 shows the frequency of heavy drinking for the 3 groups over the project. There was a 31.4% relative decline in frequency of heavy drinking following the intervention in the INT-AI/AN group. Slight increases were observed in the COMP-AI/AN group and the COMP-NAI/AN group.
Motivational Interviewing vs Psychoeducation
One hundred nine individuals received the MI or PE intervention; 69 received the individual session MI or PE and 40 received group MI or PE. We estimated that 109 participants represented approximately one sixth of the eligible population. Of the 69 who received individual sessions, 60 were followed up at a mean follow-up of 2.0 (SE = 0.20) years. Participation in either the MI or PE session was associated with significant reductions in quantity · frequency of drinking, maximum drinks per occasion, and problem behaviors. Main effects of the MI versus PE interventions did not differ significantly. Therefore, for the purposes of the Note. AI/AN = American Indian/Alaska Native. present article, the MI versus PE trial was considered to be 1 intervention. Detailed results of the MI versus PE trial were published elsewhere. 40 
DISCUSSION
Although we did not find decreases in the prevalence of drinking as a result of the interventions, our results showed reductions among drinkers in frequency of 30-day drinking and heavy episodic drinking for AI/ AN youths living on the Indian reservations that participated in the interventions. These findings are important to prevention science in general and to AI/AN communities in particular.
Few studies have described successful interventions to reduce alcohol use among AI/ AN youths. One study combined individualand community-level approaches with a sample that included nonreservation AI/AN youths in the Southern Plains. The 2-year intervention showed significant reductions in alcohol use for AI/AN and non-AI/AN students. 41 However, that study did not focus on AI youths and was not powered to test effects for AI/ANs compared with non-AI/ANs. In addition, that study found a convergence in outcomes between the intervention and control groups during the final year, which suggested the effects of the intervention might have been dissipating. Our study, which occurred over a longer time and included analyses for 2 years before the intervention and 4 years following the intervention, showed a sustained effect.
In terms of the individual-level intervention, MI and PE showed associations with reduced drinking and behavior problems at a mean follow-up of 2 years. These results were consistent with previous studies in non-AIs that demonstrated efficacy of a single MI session intervention 2 years later. [42] [43] [44] Importantly, both MI and PE individual-level interventions were associated with significant reductions in drinking and problem behaviors over time, although there were no significant differences comparing one approach to the other. 40 If future studies confirm that PE has equivalent efficacy to MI for reducing underage drinking and problem behaviors, it could represent a lower-cost, more feasible intervention for AI/AN youths.
Multilevel programs can enhance sustainability and link individual-level prevention with the social-structural determinants of health problems. [45] [46] [47] [48] In high alcohol availability contexts, these combined interventions may be more likely to affect drinking frequency than lifetime drinking prevalence. Youths use a variety of social and commercial sources to acquire alcohol. Research suggests that a significant number of alcohol outlets sell to underage purchasers. 37, [49] [50] [51] [52] These youths may then serve as sources of alcohol for other young people. Because ready access to alcohol may undermine any gains made by reducing youths' predispositions to drink through individually focused programs, the latter can be strengthened by combining with environmentally focused alcohol access reduction programs. From a health equity perspective, multilevel approaches have the potential to harness the power of the community to achieve health outcomes that are superior to approaches that treat only the individual.
Tribal leadership support and ownership of this project were key in the successful implementation of project activities. Tribal leaders in multiple institutions (clinic, Tribal councils, and advisory group) provided ongoing insights and guidance that ensured that intervention goals and activities were culturally appropriate and locally acceptable. In addition, housing the project activities within the Tribal clinic, staffing by AI/AN interns, clinicians, and community outreach staff might well have been key to the successful outcomes achieved. Community mobilization and outreach activities at Tribal events, including community nights, after school programs, and events on each of the reservations, increased vital trust to support sustained effects and engaged the community outside of the clinic setting.
Our findings were particularly important for AI/AN communities because of the value AI/AN Tribes place on the current and future well-being of their children, which is threatened by alcohol involvement. 53 Considering the relative youth of many AI/AN populations, 54 effective interventions to reduce underage drinking take on additional significance.
Limitations
Study limitations included the inability to identify which students were exposed to the community-level interventions and lack of survey coverage of youths who refused participation or who were not in school during survey administration. Furthermore, although the results strongly suggested that the interventions had substantial effects on alcohol use by AI/AN youths on the participating reservations, the results must be interpreted with caution because the findings reflect average treatment effects and our inability to randomly assign reservations to intervention and control conditions. Study strengths included a large sample size and a sustained intervention effect.
Public Health Implications
The study demonstrated responsiveness to long-standing requests from Tribes for research that benefits their communities and builds the evidence base for effective ways to reduce and prevent alcohol-related problems in these communities. Our multilevel approach demonstrated effective means to reduce both supply of and demand for alcohol to reduce underage drinking behavior in AI/ ANs and other communities. 
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